Despite increased risk for coronary artery disease and acute myocardial infarction (AMI), prior studies have found that smokers with AMI have lower mortality rates than nonsmokers, a phenomenon often termed 'smoker's paradox'. The present study was designed to examine the etiology of 'smoker's paradox', especially with respect to the association with inflammation.
artery disease, [1] [2] [3] considerable evidence in the literature suggests that habitual cigarette smokers have lower unadjusted mortality rates following acute myocardial infarction (AMI), a phenomenon often termed 'smoker's paradox'. [4] [5] [6] [7] Some investigators have shown that cigarette smokers, suffering an acute myocardial infarction, tend to be younger with less diffuse coronary artery disease and fewer comorbidities compared to nonsmokers and these differences have been invoked to explain many of the differences in early mortality. [6] [7] [8] On the other hand, there is now increasing evidence that acute coronary syndrome (ACS) is an inflammatory condition. [9] [10] [11] It is likely that smoking induces inflammation, an atherogenic lipid profile, and a propensity to thrombosis, thereby promoting the development of coronary atherothrombosis. However, it is uncertain if chronic inflammation, which is provoked by smoking, plays an etiologic role in 'smoker's paradox'.
The present study was designed to examine the etiology of 'smoker's paradox', particularly its association with inflammation.
METHODS Patient population:
The study population consisted of 528 consecutive (232 smokers, 296 nonsmokers, mean age, 69 ± 10 years, range, 34-97) patients with AMI who were admitted and reperfused by primary coronary intervention (PCI) within 24 hours after onset and enrolled between January 2001 and December 2006. The study protocol was approved by the hospital ethics committee, and informed consent was obtained from each patient by one of the investigators before entry into the study. Diagnosis of AMI was made on the basis of the following criteria; (1) complaint of chest pain and/or discomfort; (2) electrocardiographic ST segment elevation of ≧ 0.1 mV in two or more limb leads, or ≧ 0.2 mV in two or more precordial leads, or new left bundle branch block; and (3) elevated total serum creatine kinase more than twice the upper limit of the normal range. We excluded patients found to have renal failure on admission (defined as serum creatinine levels > 3.0 mg/dL), and those who were former smokers and had quit within one year before admission. Of the 528 patients, 232 were current smokers and 296 were nonsmokers. We distinguished between angina pectoris occurring within 24 hours before onset of AMI from overall angina pectoris in order to take into account the existence of ischemic preconditioning. All patients were followed-up for 6 months. The endpoint of the study was a major complication during this period, such as a reinfarction, coronary artery bypass grafting (CABG) and/or target vessel revascularization (TVR), and cardiac mortality. Definitions: Information about smoking status was obtained from the patient or a representative at the time of admission. Current smokers were considered to be those who reported smoking cigarettes at the time of entry into the study. Nonsmokers were defined as patients who had never smoked and former smokers as those who had quit over one year before admission. Former smokers who had quit within one year before admission were excluded. Restenosis was defined as 50% or more diameter stenosis at 6 months follow-up angiography. In the chronic phase, an indication for TVR or PCI to another coronary artery which had remaining significant stenosis was confirmed by symptoms, an electrocardiogram, or scintigraphic evidence of ischemia at rest or during exercise. Treatment strategy: Following oral administration of 200 mg of aspirin and 200 mg of ticlopidine, all patients successfully underwent direct PCI therapy within 24 hours of the onset of symptoms. Our strategy for direct PCI therapy was revascularization to only an infarct related artery in acute phase. In 76 patients, conventional balloon angioplasty was deemed sufficient, while the remaining 452 all underwent coronary stent implantation. For 72 hours after reperfusion therapy, patients received intravenous administration of heparin (10,000 units/day). All patients received either an angiotensin converting enzyme inhibitor or an angiotensin II receptor blocker beginning the day after onset. The frequency of other pharmacological therapy, such as calcium-channel blockers, diuretics, β-blockers, nitrates, nicorandil, and HMG-CoA reductase inhibitors did not differ between the smoker and nonsmoker groups. Blood sampling: Twenty-four hours after onset, blood samples were taken from all subjects while in the supine position. Brain natriuretic peptide (BNP), atrial natriuretic peptide (ANP), and serum amyloid A protein (SAA) were all assessed from the same blood samples. SAA assay by latex agglutination nephelometric immunoassay (LA-NIA) was contracted out to BML (BioMedical Laboratories) Inc. Highly sensitive C-reactive protein (hs-CRP) was evaluated on admission, and 24 hours after onset. Creatine kinase (CK) was serially determined every 4 hours after admission for a period of 3 days. The peak values of the CK levels (peak-CK) were taken to reflect infarct size. Measurement of hemodynamics and cardiac function: Left ventriculograms were taken for all subjects, from a single-plane with a right anterior deviation of 30° at the acute (soon after recanalization) and chronic (6 ± 1 months after onset) phases to evaluate left-ventricular ejection fraction (LVEF) and the left-ventricular enddiastolic volume index (LVEDVI), using the area-length method. We excluded posterior infarctions from our evaluation because of the associated issue of inaccuracy. We also evaluated left ventricular end-diastolic pressure (LVEDP) at two separate stages. We used the Thrombolysis In Myocardial Infarction (TIMI) classification to evaluate epicardial coronary flow. On admission, we used the Killip classification to assess the severity of the patient's condition. ECG analysis: ST-segment elevation was measured 0.08 seconds after the J point. The sum of ST-segment elevations (Σ ST) was obtained from leads I, aVL, and V1 through V6 for left anterior descending artery occlusions and from leads II, III, aVF, V5, V6 and reciprocal ST segment depressions in V1 and V2 for right coronary artery and left circumflex artery occlusions. Σ ST was calculated from two separate 12-lead ECG recordings, one just prior to and one at the conclusion of coronary intervention. ST segment analysis was performed by a single observer blinded to the clinical data. A reduction of at least 50% in the Σ ST segment elevation between the pre-and post-PCI ECGs was considered to constitute significant ST segment resolution. Statistical analysis: Values are expressed as the mean ± standard deviation (SD). All statistical tests were two-tailed, and a P value < 0.05 was considered to be statistically significant. The cut off points of the concentrations of cardiovascular peptides, peak hs-CRP, and peak-CK were chosen based on tertiles in the overall sample. Univariate and multivariate logistic regression analyses were performed, with the independent variables assessed including age, gender, diabetes mellitus, culprit lesion location, the number of vessels involved, Killip classification on admission ( ≧ II, on admission), elapsed time, spontaneous recanalization, ANP, BNP, peak-hs-CRP, and peak-CK value. The odds ratios and 95% confidence intervals were also calculated.
RESULTS
The clinical characteristics and laboratory findings for the smoking group and the nonsmoking group are summarized in Table I . There were significantly more males in the smoking group (91% versus 50%, P < 0.0001), and the smoking group was significantly younger than the nonsmoking group (64 ± 11 years old versus 74 ± 10 years old, P < 0.0001). The value of high sensitivity C-reactive protein (hsCRP) on admission and 24 hours after onset, and serum amyloid A protein (SAA) were significantly higher, and acute phase BNP was significantly lower (CRP on admission 1.36 ± 1.03 mg/dL versus 0.75 ± 0.82 mg/dL, P = 0.02, CRP at 24 hours 3.86 ± 4.32 mg/dL versus 2.90 ± 3.46 mg/dL, P = 0.008, SAA; 288 ± 392 µg/dL versus 176 ± 206 µg/dL, P < 0.05, BNP; 248 ± 342 pg/mL versus 444 ± 496 pg/mL, P = 0.0002) in the smoking group than in the nonsmoking group.
Hemodynamic data at the time of admission are shown in Table II . There were no significant differences in heart rate and systolic blood pressure between the two groups. In terms of the clinical severity of heart failure on admission, there were no significant differences in Killip classification between the two groups. left-ventricular function of the patients. There were no significant differences in terms of culprit vessel, the existence of spontaneous recanalization (TIMI II or III) before coronary angioplasty, or the rate of use of coronary stents between the two groups. However, there was a significantly lower incidence of patients with multivessel disease in the smoking group than in the nonsmoking group (38% versus 46%, P = 0.04). We observed significantly more patients who got TIMI 3 Table I. flow after primary coronary angioplasty in the smoking group than in the nonsmoking group (95% versus 88%, P = 0.03). Furthermore, in terms of ST segment elevation resolution, there were significantly more patients who showed significant ST segment resolution in the smoking group than in the nonsmoking group (80% versus 66%, P = 0.003). In terms of left-ventricular function, in the acute stage (soon after recanalization), there were no significant differences in LVEDP, LVEDVI, or LVEF either. In the chronic stage (6 ± 1 month after onset), however, LVEF was significantly better in the smoking group than in the nonsmoking group (58 ± 16% versus 52 ± 12%, P = 0.02).
Major complications in the first 6 months are shown in Table IV . In terms of clinical severity, there were significantly less patients with heart failure (26% ver- Table I. Vol 49  No 1 sus 40%, P < 0.05) in the smoking group compared with the nonsmoking group. Thirty-four patients suffered mortality from cardiovascular causes during the follow-up period; heart failure was the cause in 25 cases, cardiac rupture in 5 cases, (6) 9 (4) 155 (67) 21 (9) 77 (33) 60 (26) 7 (3) 5 (2) 4 (2) 1 (0.3) 18 (6) 18 (6) 204 (69) 33 (11) 98 (33) 118 (40) 27 (9) NS NS NS NS NS NS NS NS 0.01 0.01 ( ); %. Cardiac rupture indicates patients with cardiac rupture; Subacute thrombosis, as thrombotic stent closure, which was confirmed angiographically, from 24 hours to 30 days after the procedure; Acute closure, patients with abrupt vessel closure within 24 hours after primary PCI therapy; IABP use, use of intra aortic balloon pumping; CABG, patients required coronary artery bypass grafting; VT and/or Vf, patients with ventricular tachycardia ( ≧ 3 consecutive beats) and/ or ventricular fibrillation; Cardiogenic shock, patients with cardiogenic shock; and Heart failure, patients with heart failure, NYHA classification ≧ 2. Other abbreviations are as shown in Table I . Tables I to  IV. and sudden death out of hospital in 4 cases. Only 7 of these patients were in the smoking group. This constitutes a significantly lower mortality rate for the smoker group than the nonsmoker group (3% versus 9%, P = 0.01). Table V shows the predictors of cardiac death in our AMI patients during the first 6 months following onset. According to multivariate analysis, Killip classification at admission, peak-CK value, and the value of BNP were identified as independent predictors of cardiac death, however, smoking was not identified as an independent predictor.
DISCUSSION
There are large amounts of data that support the association between smoking and cardiovascular morbidity, including increased risk of myocardial infarction and sudden cardiac death, [1] [2] [3] however, the precise mechanism by which smoking contributes to these events has not yet been established. Smoking cessation is associated with a substantial reduction in risk of all-cause mortality among patients with coronary heart disease. 12) With respect to acute myocardial infarction, however, several large clinical trials have demonstrated that smokers have a better prognosis than nonsmokers. It has been proposed that this paradox occurs because smokers who present with myocardial infarction differ with regards to the extent of coronary vessel disease and have lesions that are more thrombogenic than atherogenic. 13) Cigarette smoking is a major risk factor for ACS and there is now increasing evidence that ACS is an inflammatory disease. Current thinking suggests systemic inflammation is associated with ischemic heart diseases, including AMI. 14, 15) Previous some studies have demonstrated that CRP, an acute phase representative protein, is associated with various complications including cardiac events in AMI. 16, 17) SAA, also an important acute phase inflammatory protein, has an expanded dynamic range with different kinetics compared with CRP and is reported to be a more sensitive indicator of inflammation in some noncardiovascular inflammatory conditions. 18) When in vivo inflammation occurs, synthesis of SAA, as well as CRP, in the liver is accelerated by inflammatory cytokines. We have reported that acute-phase elevated plasma SAA concentrations, like CRP concentration, 11) might be suggestive of a poor prognosis in patients with AMI. In this study, the value of hs-CRP on admission and 24 hours after onset, and SAA were significantly higher in the smoking group than in the nonsmoking group. It is thus possible that smoking induces inflammation, thereby promoting rupture of plaque, which is initiated by endothelial injury and dysfunction. Yasue, et al showed that inflammation markers, such as the blood levels of CRP, fibrinogen, and leukocytes, which are a manifestation of chronic inflammation, are elevated in current smokers compared with subjects who have never smoked. 19) Furthermore, it was also reported that smokers have increased levels of several inflammatory biomarkers. 20, 21) It is thus quite probable that smoking induces inflammation, an atherogenic lipid profile, and a propensity to thrombosis, thereby promoting the development of coronary atherothrombosis.
In previous studies, older age has been consistently regarded as the most important factor influencing the early prognosis after acute myocardial infarction. [22] [23] [24] In accordance with previous studies, we also noticed that cigarette smokers were significantly younger. In our study, the smokers were 10 years younger than the nonsmokers. This difference in age between the smokers and nonsmokers could be one of the reasons for the better prognosis for smokers.
Cigarette smokers were most likely to be males. The independent influence of gender on early mortality after AMI has been well documented. We have also previously shown that females have a significantly higher mortality. 25) By multivariate analysis, however, female gender was not an independent predictor of cardiac mortality. Therefore, we concluded the gender difference between smokers and nonsmokers in this study did not influence survival advantage.
In this study, peak-CK time from onset was significantly earlier in the smoking group than in the nonsmoking group. Previously, we reported that the time delay to peak-CK after primary PCI in AMI patients had a close relation to damage to the microvascular circulation. 26) In other words, AMI patients who are smokers might have less damage to the microvascular circulation compared with nonsmokers.
It was reported that smoking provoked endothelial dysfunction and precipitated agglutination of platelets. 27, 28) It was also reported that nicotine induced coronary vasospasm. Lavi, et al reported that smokers had more epicardial vasoconstriction in response to intracoronary acetylcholine, and were more likely than nonsmokers to have epicardial endothelial dysfunction. 29) That is to say, smokers have acute coronary syndrome slightly more often in spite of less atherosclerosis in the coronary arteries.
We observed significantly more patients who failed to show ST-segment resolution among the nonsmokers than smokers. Some reports 30, 31) have suggested that the absence of early ST-segment resolution after successful primary PCI identifies patients who are less likely to benefit from the recanalization of the infarct-related artery, since these patients are likely to have sustained greater microvascular injury and consequently have less salvageable myocardium. There may indeed be a close relationship between smoking and less microvascular injury. The present results revealed the left ventricular ejection fraction (LVEF) in the chronic phase was significantly better in the smoking group. LV systolic dysfunction in the nonsmoker group may be provoked by microcirculatory dys-function in spite of subsequent successful recanalization.
Heeschen, et al reported that in a mouse model of hind-limb ischemia, nicotine increased capillary and collateral growth, and enhanced tissue perfusion. 32) This effect of nicotine was mediated through nicotinic acetylcholine receptors at nicotine concentrations that are pathophysiologically relevant. Ruixing, et al reported intramuscular administration of nicotine was capable of significantly promoting intramyocardial angiogenesis. 33) Nicotine treatment increased the number of endothelial progenitor cells in the bone marrow and spleen, and increased their incorporation into the vasculature of ischemic tissue. 34) In the short term, nicotine promotes angiogenesis and arteriogenesis in the setting of ischemia. 35) Thus, smoking might increase collateral circulation and prevent microvascular injury after PCI therapy. This may be the reason there were significantly less patients with heart failure in the smoking group.
Our study reconfirmed that smokers with AMI have lower mortality rates than nonsmokers, the so-called 'smoker's paradox'. However, smoking was not identified as an independent predictor of cardiac survival. The etiology of 'smoker's paradox' was considered to be less damage to the microvascular function after primary coronary intervention, and smokers have a slightly higher incidence of AMI with a higher grade of inflammation, without severe coronary atherosclerosis. Conclusion: The etiology of 'smoker's paradox', in which smokers have a better prognosis than nonsmokers in AMI, is believed to be due to less damage to microvascular function after primary coronary intervention, and smokers have a slightly higher incidence of AMI with a higher grade of inflammation, without severe coronary atherosclerosis.
